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EFFECTS  OF  WASTEWATER  AND 
SEWAGE  SLUDGE  ON  THE  GROWTH  AND 
CHEMICAL  COMPOSITION  OF  TURFGRASS 


Antonio  J.  Palazzo 


INTRODUCTION 

Turfgrasses  have  the  potential  to  be  an  effec- 
tive crop  for  use  in  treating  municipal 
wastewaters  anti  sewage  sludges  As  well  as 
renovating  wastewater,  turfgrass  sod  is  in  de- 
mand for  lawn  use  in  urban  areas,  and  fewer 
health  constraints  are  placed  on  the  use  of  turf- 
grasses  as  compared  to  food  and  feed  crops 
Practices  for  growing  turfgrass  sod  differ  from 
pasture  management  in  that  turfgrasses  require 
clipping  or  mowing  weekly  Materials  removed 
from  the  site  during  sod  harvest  consist  of  the 
aboveground  or  aerial  portions  of  the  plant,  an 
organic  thatch  layer  which  includes  grass  clip- 
pings, and  approximately  1 25  cm  (Vi  in  ) of  soil 
which  contains  roots  and  rhizomes.  The  sod  is 
harvested  throughout  the  growing  season,  and  a 
new  crop  is  established  prior  to  the  winter 
months  or  nongrowing  season  The  site  is 
covered  with  vegetation  which  reduces  soil 
losses  by  erosion  during  the  winter 

Turfgrasses  include  species  and  varieties  that 
require  large  annual  applications  of  fertilizer 
State  agricultural  experimental  station  recom- 
mendations for  N applications  to  turfgrasses 
grown  under  average  conditions  can  range  from 
5 to  6 lb/1 000  ft'  (240  to  287  kg/ha)  per  year  for 
Merion  Kentucky  bluegrass  (Poa  pratensis  L ),  3 
to  5 lb/1000  ft'  (144  to  240  kg/ha)  for  tall  fescue 
(Festuca  arundinacea  Schreb  ),  and  4 to  6 lb/1000 
ft'  (191  to  287  kg/ha)  for  colonial  bentgrasses 
(Agrostfs  tenuis  Sibth  ) ()uska  et  al  1969).  Clip- 
pings from  a well-fertilized  Merion  Kentucky 


bluegrass  lawn,  mowed  weekly,  may  contain  up 
to  6%  nitrogen  (Pesek  et  al  1971)  As  noted  in  a 
review  on  turfgrass  fertilization  by  Beard  (1973), 
N influences  the  growth  rates  of  turfgrass 
tissues,  roots,  and  shoots 

Phosphorus  accumulation  in  soil  is  one  of  the 
possible  limiting  factors  to  the  life  of  a land 
treatment  system.  Red  fescue  ( Festuca  rubra  L) 
and  Kentucky  bluegrass  have  been  shown  to 
grow  without  any  detrimental  effects  on  soils 
containing  up  to  1500  Ib/acre  (1650  kg/ha)  of 
phosphorus  (luska  et  al  1965). 

The  thatch  layer,  removed  from  the  site  during 
sod  harvesting,  has  a high  cation  exchange 
capacity,  and  includes  undecomposed  grass 
clippings,  roots  and  rhizomes  This  thatch  layer 
or  organic  mat  provides  a good  removal 
mechanism  for  wastewater-applied  NH,-N,  P, 
and  metals,  as  well  as  for  N and  P contained  in 
the  grass  clippings  About  2 lb/1000  ft'  (96  kg/ha) 
of  extra  N/yr  was  required  in  a Merion  Kentucky 
bluegrass  area  where  the  grass  clippings  were 
removed  to  maintain  color,  shoot  density,  and 
turfgrass  quality,  as  compared  to  an  area  where 
the  clippings  were  returned  to  the  soil  (Beard 
1973)  Also,  since  metals  and  P are  relatively  im- 
mobile in  soils,  the  thin  layer  of  surface  soil 
removed  during  sod  harvest  below  the  thatch 
layer  should  contain  high  concentrations  of 
these  elements.  Thus,  sod  farming  would  be  an 
excellent  method  of  removing  chemical  ele- 
ments in  wastewater  that  accumulate  in  the  sur- 
face layer  of  the  soil. 
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lurtgrasses  wort*  harvested  14  timos  lor  yiolil 
tlotfiminations  In  t lipping  at  a height  ot  r>  t m 
I'lant  toll.) Kt*  samplos  v\t*to  i ollei  toil  tiom  tlu* 
>th  to  tlio  10th  s lippm^s  vvashotl  in  ilistilloil 
wator  tlriotl  to  lonstant  weight  anil  ground  to 
pass  through  a .’0  mosh  mow*  ( om  ontrntrons  ot 
\ P k lu  id  /n  Ni  ( i anti  I’h  in  plant  foliage 
won*  ilotoinnnoil  by  stanilaril  kioldnhl  i ol 
orimotin  anil  atonni  absorption  (noi  t'dures 
.ittfi  ashing  in  a multlt'  ttnnai  t*  tl.u  kson  l'*t>’1 

y it* Kl ■>  ami  t lii'iim  al  i oni  ontiation  tlata  won* 
Milip'i  toil  to  an  analysis  ot  \arianit*  tt>i  a split 
phit  design  with  wastowator  anil  sludge 
tioatmonts  as  tlio  Mihplots  Ihimnns  \tnltipU* 
Kange  lost  was  ust'tl  to  i It*  tot  mi  lit*  iht  tt*u*ni  t*s  in 
troatmont  moans 

Weekly  wastowator  ai'i'lu  ations  aililoil  mint* 
N anil  k hut  loss  I’  than  single  slut  I m*  applii  a 
t ions  whiih  won*  mailt*  (mor  to  seeding  liable 
III]  Amounts  ot  ma|or  nutnonts  applu*il  on  ton 
trisl  plots  woro  similar  to  amounts  suppliotl  as 
t onstituonts  ot  wastowator  at  a rato  ol  r>  t m wk 


I ho  total  amounts  ot  N appliotl  on  a kg  ha 
h, isis  toi  tlio  sanous  tioatmonts  anil  tlio  iiintrol 
an*  also  presented  in  I able  III  Applii  ations  ol 

10  t m w k o!  wastowator  on  (lots  witioinjoii  with 
'•0  g ot  sludge  aililoil  N in  amounts  that  woio 
almost  tour  times  those  apphoil  on  t ontrol  (lots 

Rl SUITS  AND  DISCUSSION 
Yields 

Wastowatoi  anti  sow  am*  sludge  applied  at 
various  rates  resulted  in  signituant  ihttoioiiios 
in  glass  \ if  Ills  whiih  won*  similar  toi  tin*  two 
ttirtgrass  imvturos  (I  able  All  Yields  int leased 
with  applii  ations  ol  wastowator  alone  oi  with 
sludge  as  1 1 >n i (i.i r i*il  to  those  with  sludge  alone 

1 1 able  l\  ) Highest  \ iolils  won*  obtained  with  the 
lOtinwk  wastowator  a|ipluation  i.ito  in  mm 
hmation  with  the  sewage  sludge  tioatmont  ot  ‘*0 
g pot  l owost  \ it* Ills  wore  observed  w lion  sludge 
was  appliotl  alone  Sludge  alone  had  the  lowest 
N loitihts  anti  piohahlv  lowoi  availability  ot  the 
total  N supplied  hot  aust*  nun  h ot  it  was  most 
likely  i untamed  in  the  organic  liaition  Y iolils 
may  also  have  boon  attoi  toil  (iy  low  amounts  ot 
availahlo  k on  (lots  with  only  aililoil  sludge 
1 1 able  1 1 I bit  or  om  os  in  y if  Ills  yy  on*  duo  pi  mini  i 
ly  to  ilit tfif m t's  in  amounts  ot  wastewater  anil 
sludge  borne  N 

I’nor  to  tin*  eighth  haivost  I r>J  tlays  attoi 
seeding  photographs  won*  taken  ot  two  tint 
grass  imvtuios  growing  on  (Hits  in  soil  l>it 
toroiii  t*s  in  glass  tlons it y anil  gi ow  tli  as  allot  toil 
by  wastowatoi  and  sewage  sludge  tioatmonts 
tan  bo  lompared  to  lonilitions  on  iiintrol  pots 
by  examining  I igures  J S 


Table  III.  Total  amounts  ol  N.  P.  and  k applied  in  the  dit 
ferent  wastewater  and  sludge  treatments. 
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la  hi  i*  IV.  I Herts  ol  various 
wastewater  and  sludge  treatments  on 
Helds  nt  turtgrasses. 
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M n’ltls  followed  b\  the  \.u?u*  letter  were 
not  M|;iiilit  iintlv  (iiMi'itMil  .»l  llir  level 
of  probability 


( onrenlralmns  ot  N.  P,  K 
and  Irate  elements 

■\s  was  I Ire  v .1st*  lor  v ir ‘Ms  no  dil  If  rem  os  were 
observed  in  the  i hen  in  a I < om  posit  ion  ol  I ullage 
Irrun  ihr'  Ivso  grass  mistures  I he  me. in  spuares 
loi  the  un.lKsis  ol  s.iri.lilie  .lie  piesented  in 
l.ihle  Ml 

•\s  runs  he  seen  in  l.ihle  \ i <iih  enli.itums  ol 
I’  h /n  I’h  .mil  l (I  in  foliage  tissues  sseie  .H 
ter  tod  h\  dillerenit's  in  ssastess.itei  and  sludge 
treatments  Hut  t om  ontrations  ol  N.  * u Ni  and 
l i vs  ere  not  dilterent  as  a result  ol  treatment  dit 
tereiues  the  highest  I’  r oru  entratiori'  vsere  in 
grasses  rot  nixing  sludge  alone  even  though 
grasses  in  other  treatments  received  greater 
amounts  ot  this  element  liable  lilt  1 he  highest 
i om  ontrations  (it  K vsere  in  foliage  from  i ontrol 
liots  os  en  though  onlv  about  one  halt  as  mm  h K 
vs  as  added  to  these  pots  .is  ssas  supplied  In 


vsastevsatei  applied  at  a rate  ol  III  inivsk  \p 
|)|u  ations  ol  vsastevsatei  tended  to  im  tease  i on 
r ontrations  ol  /n  and  l il  in  grasses  C oiuentra 
Irons  ol  l d in  plants  Iron)  (lots  rev  eis  mg  the  tvso 
levels  ot  sewage  sludge  vsere  similar  tv'  those  in 
plants  Irom  < ontrol  (lots  1st  opt  tor  one  m 
statue.  I’h  i om  ontrations  were  higher  in  plants 
from  i ontrol  pots  than  in  plants  grossing  on  soil 
amended  with  sludge  and  or  irrigated  with 
wastewater  Regardless  of  treatment'  ronton 
nations  ol  N P.  and  h were  adequate  toi  plant 
growth  (Martin  and  Matos  ha  I'ITtI  \tetal  toil 
icntiations  in  plants  aie  ol  tomotn  suite  to\n 
levels  til  some  ot  these  elements  tan  retime 
plant  giovsth  and  in  turn  i auso  serious  piohlems 
in  using  soil  plant  tonrploxes  ts>  innovate 
vs  as  tew  at  eis  l om  ontrations  ot  metals  in  grasses 
im  Imled  in  this  study  were  below  levels  gonoiwl 
lv  t onsideted  to  he  toxu  to  plants  (Patterson 
(>»71  ami  Allaway  I'ltifl  tor  Ni  Mlawav  I'lr.tl  and 
lout's  I‘l'J  tor  /n  and  C u I i'k  t‘*7J  and  Mort 
vedt  and  l.iordanti  t‘i"'r>  toi  i i Warren  and 
Dels  atilt  1*1’  • tor  I’h  and  Ihngham  et  al  l'*'r> 
loi  l ill 

Removal  til  selected  chemical  elements 
as  constituents  ot  grass  foliage 

\s  shown  in  1 able  \ I onlv  the  leniov al  ot  l i 
hv  glass  harvesting  was  unallotted  bv  waste 
watei  and  sludge  treatments  No  dillerern  es 
were  observed  that  were  attributable  to  d it 
terem  t's  in  tuilgrass  mistures  Ibis  van  he  seen 
Irom  an  examination  ot  mean  spumes  lot  the 
analysis  ot  vauanco  as  eshihitv'd  in  lahlt*  Mil 
In  general  tiealment  ditterenies  alter  ting 
iemov.il  ot  i hemic  al  elements  trom  soil  tletieml 
ed  more  on  ditteroni  es  in  y lelds  than  t»n  i om  en 
nation  ditlereiu  es  in  plant  tissues  I tom  the  i oi 
relations  ot  total  uptakes  ol  N P and  Is  with 


Table  \.  Concentration  of  selected  chemical  elements  in  turfgrass  foliage. 
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Table  VI.  Total  amounts  (mg/pot)  of  selected  chemical  elements  contained  in  turfgrass  foliage 
harvested  from  pots. 
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yield'  .in  depic  t<‘d  hv  I tgure  tv  it  can  ho  soon 
that  N and  k renun ah  w ore  atlec  tod  to  a groator 
extent  hv  yields  than  hv  I’  removal  I ho  low 
removal  ot  I’  was  duo  to  the  lower  concontra 
tioiw  m plants  Potassium  an  element  not  usual 
lv  considered  a potential  pollutant,  was  re 
moved  hv  the  grasses  at  a slightly  lower  rate 
than  nitrogen  I hi-  two  treatments  which  re 
i owed  r>  and  10  i m wk  ot  wastewater  had  only  a 
Id  to  I r,“„  (fit ferem  e in  thi'  amounts  ot  N and  k 
contained  in  the  plant  Hut  the  wastewater  used 


in  this  study  supplied  twice  as  much  N as  k 
Results  from  this  study  suggest  that  high  plant 
requirements  for  k are  necessary  to  remove  max 
inium  amounts  ot  nitrogen  Wodin  (U>~  tl  cites  a 
report  hv  the  National  Research  Council 
National  •Vademy  ot  Sciences  (1‘>70f  in  which  it 
is  stated  that  at  yields  ranging  from  tt  to  It. 
tonne  ha.  the  removal  of  k hv  cool  season 
grasses  is  no0,,  (it  that  tor  N I tom  research  per 
formed  at  CKKI  I (l’ala//o  Ilt7td  it  was  found 
that  forages  receiv  ing  S cm  wk  ot  wastewater 
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table  \ 1 1 Differences  in  > ielcfs  ol  Icirlgi  jssos  be- 
tween consecutive  harvests  at  different  wastewater 
and  sludge  treatments  (yes  differences  eoted). 
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i out. lined  three  times  more  N.  than  h over  .1  tsso 
\e.ir  period  f’lants  ssere  marginally  deficient  in 
K and  available  concentrations  of  tins  element 
in  the  soil  ssere  reduced  to  relativelv  loss  levels 
In  this  studs  large  amounts  ot  K ssere  .ihsorhed 
hs  plants  that  ssere  grow n on  c ontrol  pots  w hie  h 
reieised  supplemental  k tertili/er  t'onc  entra 
turns  ot  h ssere  ! <»r>%  in  the  control  plants  and 
ranged  from  2 7rs,lu  to  t 2 t%  ( I able  V)  in  plants 
suh|ec  ted  to  other  treatments 

Hecause  vn'lds  are  so  important  in  the 
removal  ot  wastewater  c onstitutents  rapid  in 
itial  growth  I'  important  In  this  studs  grasses 
grown  on  control  treatments  which  received 
commercial  tertili/er  produced  higher  \ields  m 
itiallv  liable  \ll)  After  three  harvests  the  com 
hmation  ot  It*  c m ss  k ot  wastewater  and  lK)  g (>ot 
ot  sludge  produced  the  highest  yields  After  10 
harvests  all  treatments  were  similar  in  yields  ev 
1 ept  tor  those  where  only  sludge  was  applied 
which  ssere  significantly  lower  Kates  ot  grass 
growth  depended  on  amounts  ot  availability  ot 
applied  N sludges  alone  supplied  less  total  N 
and  some  ot  this  N may  have  been  only  slowly 
.iv  ailable 

CONCLUSIONS 

Uirtgrassos  responded  favorably  to  applica 
turns  ot  wastewater  Higher  quantities  ot  total  N 
supplied  in  wastewater  promoted  rapid  initial 
growth  resulting  in  significantly  higher  removal 
ot  sludge  and  wastewater  constituents  sludge 
applications  increased  yields  over  those  from 
tertili/ed  controls  only  when  applied  111  coin 
lunation  with  wastewater  Much  ot  the  N in 


sludge  is  contained  in  organic  matter  and  is  not 
as  readily  available  t ■ growing  plants  as  that 
supplied  m wastewatei  l one  entrations  ot  *s  I’ 
h and  metals  111  the  grasses  studied  weie  neither 
cfetic  lent  nor  toxic  to  plant  growth  C outpaced  to 
contents  generally  tnoiid  the  range  111  c one  en 
(rations  ol  \ ( t t-l  to  t ttl  ",>)  was  high  indie  ating 
that  tuitgrasses  can  take  up  large  amounts  ot 
this  element  lo  maintain  high  N arid  metal 
removal  rates  soils  used  to  renovate1  wastewatei 
and  tor  the1  disposal  ot  sludge  may  need  Ire 
quent  applications  ol  h fertilizers 

RECOMMENDATIONS  IOR  LURTHLR 
STUDY 

I he  c ap.u  it v ot  tuitgrasses  to  renovate 
wastewater  needs  to  be  determined  under  held 
conditions  Results  horn  a field  study  can  be1 
usc'd  to  more1 .11  c mutely  define  the  eltee  tiveness 
ot  these  grasses  and  to  identity  problems  which 
may  oc  1 ut  in  grow  mg  sod  under  high  sludge1  and 
wastewater  loading  rate's  lotal  amounts  ot 
wastewater  constituents  removed  by  sod  bar 
vesting  need  to  be  determined  where1  sod  in 
c ludes  the  grass  leaves  organic  thatch  l.tver  and 
approximately  I 2r<  cm  ol  xuituee  sen  I I he 
capacity  ot  thatch  lave'is  and  suit. ice  soils  to 
tilter  and  remove  heavy  metals  and  I’  the  qunli 
tv  ot  the  sod  produe  ed  and  the  ptohleiiis  ot 
grass  1 n | ci r \ horn  diseases  and  msec  ts  need  to  be 
evaluated  in  this  held  study 
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APPENDIX  A.  MEAN  SQUARES  AND  STASTICAL  SIGNIFICANCE 
OF  DATA  INCLUDED  IN  STUDY 


1 


Table  Al.  Mean  squares  and  slatistical 
significance  for  differences  in  yields 
of  lurfgrasses. 


Table  AIM.  Mean  squares  and  statistical 
significance  for  differences  in  plant  uptake 
of  selected  chemical  elements. 


s <■<■</ 


Parameter 

treatments 

mixtures 

/ rror 

Wlds 

40  r>  1b* 

1 48 

8 bb 

'Sigmtu  »int 

.it  the  ?%  lev* 

1 of  probability 

Table  All. 

Mean  squares  and  statistical 

significance  for  differences  in 

concen- 

trations  of  selected 

chemical 

consti- 

tuents  in  grasses. 

Seed 

tlement 

Treatment 

mixtures 

trror 

Nitrogen 

0 20 

0 00 

0 2b 

Phosphorus 

0 04 1 

0 (X) 

0 IX) 

Potassium 

1 17 1 

0 01 

011 

Zinc 

2109  52t 

IS  bb 

1 .)€>  1 1 

Copper 

22  8b 

7 SB 

11  47 

Nickel 

bb  17 

2 S7 

32  14 

Chromium 

0 9b 

0 07 

0 89 

Lead 

3 27* 

0 01 

0 9b 

Cadmium 

72  12t 

1 97 

12  60 

•Significant  at  the  5%  level  of  probability 
tSigmf leant  at  the  1%  level  of  probability 


Seed 


t lement 

treatment 

mixture 

t rror 

Nitrogen 

571 4 (X)* 

1 53 

1 15  54 

Phosphorus 

19  94* 

0 55 

2 b8 

Potassium 

4101 14* 

24  bb 

b7  99 

Zinc 

1978712  90* 

1 38  (X) 

127114  bi 

Copper 

50944  84* 

1717  72 

3979  58 

Nk  kel 

42184  85* 

228  48 

9775  04 

Chromium 

9b4  14 

13  45 

174  53 

Lead 

7925  bO* 

57  (X) 

408  1 5 

Cadmium 

45481  7b* 

447  24 

4b72  75 

*S»gnif  it  ant 

at  the  1%  level  of  probability 
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